To evaluate the association between systemic parameters including inflammatory markers and diabetic retinopathy (DR). METHODS. This was a cross-sectional study enrolling 30,793 persons who visited a health care center for a medical checkup. Diabetic patients were classified into five DR groups: no DR; mild, moderate, or severe nonproliferative DR, and proliferative DR. A full laboratory workup and comprehensive medical data on the subjects were obtained and used for analysis. RESULTS. The mean (SD) age of the participants was 47.4 (11.9) years (range, 18 -90) and the male-to-female ratio was 55.7: 44.3. The prevalence of diabetes and DR were 6.6% (2,020/ 30,793) and 5.3% (108/2,020), respectively. Among inflammatory markers, the mean absolute neutrophil count (ANC; per microliter) was significantly higher in the DR than in the non-DR group (3900 vs. 3566; P ϭ 0.0143) and in diabetic than in nondiabetic subjects (3583 vs. 3262; P Ͻ 0.0001). Subjects in the fourth quintiles of ANC showed 2.7 odds of having DR by multivariate analysis, and there was a linear trend in the odds ratios according to increasing ANC levels. The level of ANC and the ANC/leukocyte ratio also demonstrated a linearly increasing trend with the severity of DR, even after adjustment for other clinical factors, including HbA1c. Among significant risk factors of DR, ANC showed the second strongest predictive power for DR (AUROC ϭ 0.590) after HbA1C (0.624). CONCLUSIONS. Elevated systemic neutrophil count is associated with the presence and severity of DR as well as diabetes. This result indicates that systemic subclinical inflammation is related with DR, and neutrophil-mediated inflammation may play an important role in the pathogenesis of DR. (Invest Ophthalmol Vis Sci. 2011;52:7697-7703)
D
iabetic retinopathy (DR) is the leading cause of blindness among the working-age population in the United States. 1 Studies have estimated that nearly all patients with type 1 diabetes and more than 60% with type 2 diabetes have some degree of DR 20 years after the onset of diabetes. 2 The 14-year incidences of visual impairment and blindness in a diabetic population were reported to be 12.7% and 2.4%, respectively. 3 The early detection of DR and control of risk factors are crucial for the prevention of DR-related visual loss.
There is increasing evidence that even established risk factors of DR, including hyperglycemia, hypertension, and duration of diabetes, explain only a limited proportion of the risk. 4, 5 Inflammation and endothelial dysfunction have been hypothesized to be key mechanisms in diabetes-related vascular complications. 5 Inflammation is a nonspecific response to injury that includes a variety of functional and molecular mediators, including recruitment and activation of leukocytes. 6 Most of the molecular and functional changes that are characteristic of inflammation have been found in retinas of diabetic animals and humans. 6, 7 Although the role of inflammatory processes in the development of DR has been consistently reported in animal studies, it has been neither well-proven nor strongly demonstrated in human clinical studies. 6 -8 There have been attempts to find systemic biomarkers associated with DR, most of which have been related to inflammation and hemostatic disturbances. 9 -11 Systemic markers, such as C-reactive protein (CRP), fibrinogen, homocysteine, and vascular cell adhesion molecules, have shown inconsistent results and only limited associations with DR after controlling for other established risk factors. 10, 12 Among them, CRP, the most well-known inflammatory marker, has been reported to be associated with DR by some research groups. 11, 13, 14 However, more recent studies failed to replicate the association between CRP and DR. 9, 10 Moreover, Lim et al. 15 showed that a high level of CRP had a protective effect against DR. Thus, it remains unclear whether true inflammatory markers related to DR actually exist and whether there is strong clinical evidence that inflammation plays an important role in the pathogenesis of DR in humans.
In this study, we evaluated the association of systemic inflammatory markers and clinical and laboratory data with DR after controlling for known and possible risk factors, to reveal the true association of inflammation with DR.
RESEARCH DESIGN AND METHODS
This was a hospital-based, cross-sectional study that focused on the clinical risk factors associated with DR. The study protocol was approved by the Institutional Review Board of Seoul National University Bundang Hospital and complied with the Declaration of Helsinki. 
Participants and Data Collection
Medical records of 30,797 patients who visited a health care center in Seoul National University Bundang hospital for a checkup from July 2004 to June 2008 were reviewed. The medical checkup consisted of a history of systemic diseases and health behavior-for example, smoking, physical examination by physicians, laboratory tests on peripheral blood and urine, and nonmydriatic retinal photography on each eye. Systolic and diastolic blood pressures, height, and weight were measured, and the body mass index (BMI, weight/height 2 ) was calculated. Laboratory tests included complete blood cell count (CBC), hematocrit, white blood cell count (WBC), absolute neutrophil count (ANC), blood glucose, hemoglobin A1c (HbA1c), cholesterol, triglyceride, low-density lipoprotein (LDL), high-density lipoprotein (HDL), thyroidstimulating hormone (TSH), serum creatinine, C-reactive protein (CRP), serum erythrocyte sedimentation rate (ESR), and urine microalbumin. ANC, ANC/WBC ratio, CRP, and ESR were the targeted inflammatory markers and the main variables of interest. Those who were identified in the health interview survey as having received a diagnosis of diabetes by a health care professional or taking glucoselowering medicines were classified as known cases of diabetes. Only known cases of diabetes were included in the diabetes group, and the blood glucose and HbA1c levels were not used for diabetes diagnosis. The rationale for defining the diabetes group was that (1) it is difficult to diagnose diabetes from a single glucose measurement and that (2) inclusion of indefinite new-onset diabetic cases in the diabetes group could lead to bias in the analysis of DR, which is caused by chronic hyperglycemia.
Exclusion criteria were (1) the general systemic diseases that could affect the inflammatory parameters; (2) WBC count Ͼ20,000. Extremely high WBC levels (Ͼ20,000) were seen in four subjects, of whom three had leukemia and one had pneumonia, and they were excluded from the study. Finally, medical data from 30,793 people were used for statistical analysis. Subjects were grouped according to the presence of diabetes and the severity of DR.
Diabetic Retinopathy Grading
Retinal photography on each eye was performed by an experienced technician using a nonmydriatic 45°fundus camera (Retinal Camera CR6-45NM; Canon Inc., Tokyo, Japan). A single fundus photograph centered on the fovea was taken for each eye. All retinal photographs of diabetic patients were independently reviewed twice by two ophthalmologists, and the presence and severity of DR were graded based on international clinical DR severity scales proposed by the Global Diabetic Retinopathy Project Group. 16 The five-stage disease severity classification of DR consists of no apparent retinopathy (no DR); mild, moderate, or severe nonproliferative DR (NPDR); and proliferative DR (PDR). Subjects were assigned to the PDR group when retinal neovascularization or panretinal photocoagulation scars were visible on retinal photographs. Diabetic macular edema was diagnosed when hard exudates were observed in the macular area. Any DR was defined to include both NPDR and PDR. When there was disagreement regarding the DR stage between the two ophthalmologists, the photograph was reviewed again by the two ophthalmologists and finally graded after discussion. When two eyes in one patient had different DR severity stages, the more severe stage was allocated to the subject.
Statistical Analysis
Univariate analyses were performed on demographics, clinical data, and laboratory test results, and the mean values and frequencies were compared according to the presence of diabetes and DR. The significant variables at the 0.1 level of significance on the univariate analyses were used for multiple logistic regression analysis to show independent association with DR or diabetes. ANC levels were categorized into five quintile groups, and we evaluated the relationships between ANC and DR and between ANC and diabetes through stepwise multiple logistic regression analysis. The mean ANC level in each DR severity group was calculated and compared by analysis of variance (ANOVA).
The linear trend in ANC levels by the severity of DR was evaluated by using contrast. ANC values were transformed into logarithmic values, since its distribution was nonnormal. A multivariate analysis on ANC levels in DR severity groups was performed by analysis of covariance (ANCOVA). ANC levels between DR groups were compared by using adjusted P values to revise the type 1 error by multiple comparisons (Hochberg's estimation). The ANC/WBC ratios were also analyzed for association with DR. Stepwise multiple regression analysis was performed to find clinical and laboratory factors influencing the ANC and ANC/WBC ratio. The ROC curves were plotted for the prediction of DR. The areas under the ROC (AUROC) curves were calculated before and after the inclusion of ANC as a determining factor for DR.
Results reaching P Ͻ 0.05 were considered statistically significant (SAS 9.1.3; SAS Institute Inc, Cary, NC).
RESULTS
The mean (SD) age of the participants was 47.4 (11.9) years (range, 18 -90 years) and the male-to-female ratio was 55.7: 44.3. Of 30,793 subjects, 2,020 (6.6%) were diabetic. The mean age (SD) of the diabetic patients was 55.5 (10.2) years (range, 27-86 years) and the male-to-female ratio was 69.3: 30.7. All diabetic patients had type 2 diabetes. The prevalence of any DR among the diabetic patients was 5.3% (108/2020).
Univariate analysis on clinical and laboratory data according to the presence of diabetes and DR are summarized in Table 1 . Diabetes was associated with older age; male sex; smoking; obesity (BMI Ն25.0); high systolic and diastolic BP, ANC, ESR, WBC, blood glucose, HbA1c, hematocrit, cholesterol, triglyceride, LDL, serum creatinine, and urine microalbumin; and low HDL. DR was associated with high systolic BP, ANC, WBC, ANC/WBC ratio, and HbA1c and low hematocrit and triglyceride. Among the inflammatory markers (ANC, WBC, ANC/WBC ratio, CRP, and ESR), ANC, WBC, and ESR were associated with diabetes, and ANC, WBC, and ANC/WBC ratio were associated with DR. Regarding diabetic macular edema, no variables showed a significant association. The number of cases with diabetic macular edema was relatively small (18/108 [16.7%] diabetic patients) to yield statistically significant results.
Stepwise multivariate logistic regression analysis was performed to find variables having independent association with DR (Table 2 , n ϭ 2020). ANC showed a linear trend in odds ratios in the higher ANC quintiles (P ϭ 0.0194). Compared to quintile 1, quintile 4 was the only ANC group showing significant association with DR. The adjusted OR of the 4th quintile group was 2.65 (95% CI, 1.36 -5.17), which is the highest value among those of other quintile groups. Other variables showing independent association with DR were HbA1c (OR ϭ 1.312 per 1% increase; P Ͻ 0.0001), hematocrit (OR ϭ 0.932 per 1% increase; P ϭ 0.0033), and systolic BP (OR ϭ 1.013 per 1-mm Hg increase; P ϭ 0.0282). Table 3 shows the association of diabetes with clinical factors including ANC groups by stepwise multiple logistic regression analysis (N ϭ 30,793). ANC quintile group 5 showed the highest OR among quintile groups (OR ϭ 1.456; P ϭ 0.0294). The linear trend in OR with increasing quintile groups was also significant (P ϭ 0.0226).
The mean ANC and ANC/WBC ratios in the five DR groups (no diabetes; diabetes without DR; mild, moderate, and severe NPDR; or PDR) were calculated and plotted (Fig.  1) . Mean ANC (per microliter) increased with increasing severity of DR and the linear trend was statistically significant (3050.9, 3336.8, 3491.9, 3851.8, and 3881.2, respectively, from no diabetes to severe NPDR or PDR; P for linear trend Ͻ 0.0001; Fig. 1, left) . Intergroup comparisons revealed significant elevation of ANC in the diabetic group versus the nondiabetic group (P ϭ 0.0004) and in the moderate NPDR versus the diabetes without DR group (P ϭ 0.0246). For multivariate analysis, factors related to diabetes were considered for analysis and after stepwise multiple regression analysis, sex, age, smoking, HbA1c, systolic BP, triglyceride, blood glucose, BMI, WBC, cholesterol, serum creatinine, and urine microalbumin were used for adjustment. Mean ANCs also showed a linear trend, with increasing severity of DR (P for trend ϭ 0.0384 by multivariate analysis). ANC/WBC ratios also showed a linear trend with increasing severity of DR (55.01%, 55.17%, 55.24%, 57.70%, and 62.97%, respectively, from no diabetes to severe NPDR or PDR; P for linear trend Ͻ 0.0001; Fig. 1, right) . The linear trend was maintained after adjustment for sex, age, smoking, HbA1c, systolic BP, triglyceride, blood glucose, BMI, hematocrit, WBC, ESR, cholesterol, serum creatinine, and urine microalbumin (P for trend ϭ 0.0145). Intergroup comparisons revealed a significant elevation of ANC/WBC ratio in severe NPDR or PDR group compared with diabetes group (P ϭ 0.0016), whereas there was no difference in ANC/WBC ratio between the diabetes without DR and the no diabetes group (P ϭ 0.8982).
To investigate the systemic parameters influencing ANC and ANC/WBC ratio, stepwise multiple regression analysis (Table 4) . High ANC levels were associated with multiple clinical and laboratory factors: diabetes, severe DR, being of the female sex, nonsmoking, low HbA1c, high systolic BP, low triglyceride, high blood glucose, low BMI, high WBC, low cholesterol, high serum creatinine, and high urine microalbumin. High ANC/WBC ratios were associated with severe DR, young age, being female, nonsmoking, low HbA1c, high systolic BP, low triglyceride, high blood glucose, low BMI, low hematocrit, high WBC, high ESR, low cholesterol, high serum creatinine, and high urine microalbumin. Table 5 shows the AUROC for the prediction of DR with risk factors statistically significant on multivariate analysis. HbA1c was the strongest predictive factor for DR (AUROC ϭ 0.624), whereas ANC was the second strongest (AUROC ϭ 0.590). Hematocrit (0.573) and systolic blood pressure (0.554) FIGURE 1. The ANC and ANC/WBC ratio according to DR severity group. The logarithmic values for ANC (left) and ANC/WBC ratio (right) showed an increasing trend along with the severity of DR (P for trend Ͻ 0.0001). *The adjusted P value to revise the type 1 error from multiple comparisons (Hochberg's estimation). followed ANC. The inclusion of ANC groups in the prediction model resulted in a 2.44% increase in AUROC, although the increase was not statistically significant (P ϭ 0.373).
DISCUSSION
This study showed that a high systemic neutrophil count, along with high HbA1c, high systolic blood pressure, and low hematocrit, have an association with DR. The association between the systemic neutrophil count and DR was independent of glucose control and showed a dose-dependent relationship. It is of note that our clinical study demonstrates that the neutrophil, not all leukocytes, has an association with DR. Figure 1 shows that a high neutrophil count is associated with both diabetes and DR. However, high neutrophil/leukocyte count ratios (high ANC/WBC ratio) were associated with DR, not with diabetes, which indicates that neutrophils are specifically associated with development of DR. Although there are numerous experimental studies supporting the role of leukocytes in the pathogenesis DR, there have been few studies indicating neutrophils among leukocytes as being associated with DR development. 6, [17] [18] [19] [20] The exact role of neutrophils in DR pathogenesis may be deduced from animal studies that have been reported so far. [21] [22] [23] Joussen et al. 24 proposed that diabetic neutrophils, through a Fas-Fas ligand-dependent pathway, induce retinal endothelial cell apoptosis and blood-retinal barrier breakdown, which are the key mechanisms of DR.
It is perplexing that the systemic neutrophil count, a very simple inexpensive laboratory parameter, has not been reported in association with DR or diabetes in the past. In the stepwise multiple regression analysis for absolute neutrophil count (Table 4) , systemic neutrophil count, and the ratio of neutrophils to leukocytes are associated with numerous clinical parameters, including sex, age, smoking, glucose control, blood pressure, triglyceride and cholesterol, BMI, hematocrit, ESR, serum creatinine, and urine microalbumin. To elucidate the independent association of neutrophil counts with DR, a statistical analysis adjusted for all these factors and a large study population, as in our study, are necessary. The complicated nature of the association between neutrophil counts and various clinical parameters may have hindered the revelation of significant results in past clinical research involving a relatively small number of study participants.
Although our data showed neutrophil count to be increased in patients having DR and diabetes and revealed the association between them, the causal relationship is not yet established. It is still unknown whether the elevation of systemic neutrophil count precedes the occurrence of DR and diabetes. However, from the results of the present study and past experiments, we can hypothesize that an increased systemic neutrophil count elevates the local number of neutrophils in retinal vessels, and the increased diabetic neutrophils damage the retinal vascular endothelial cells and the blood-retinal barrier resulting in DR. 18, 25, 26 On the other hand, chronic hyperglycemia itself could cause elevation of systemic neutrophil counts via proinflammatory mediators, such as NF-B, IL-6, and TNF-␣. 6 Therefore, further research is mandatory to elucidate whether the quantitative increase in the systemic neutrophil count is related to the qualitative abnormality of neutrophils and what causes the increase in systemic neutrophil count in DR and diabetes.
Of note is that, among the five ANC quintile groups, the 4th quintile group showed the highest odds ratio in association with DR (Table 2 ). This result indicates that patients with DR are in a state of subclinical inflammation or para-inflammation rather than in an overt inflammatory state, which was recently suggested in type 2 diabetes, metabolic syndromes, Alzheimer disease, and cancer. 27, 28 In diabetes, leukocytes and vascular endothelial cells are constantly under noxious stress by glycemic dysregulation. This stress triggers para-inflammation responses in leukocyte and endothelial cells by upregulating inflammatory cytokines and adhesion molecules, which in turn cause abnormal leukocyte-endothelial interactions and ultimately vascular damage. 28 Previous studies showed CRP is related to diabetes, diabetic macrovascular complications, and neuropathy. 29, 30 However, there have been inconsistent results on the association between CRP with DR. 9, 11, 12, 15 In our study, CRP showed no association with DR or diabetes (P ϭ 0.3749 and 0.9151, respectively; Table 1 ). As previous study subject samples were far smaller than ours and as we could control almost all possible risk factors of DR, we believe the association between CRP and DR is not yet established and that CRP should not be treated as a therapeutic or monitoring target in DR. Furthermore, another recent study showed higher CRP to be associated with a lower prevalence of DR. 15 As people with advanced stages of DR show poor visionspecific function, detection, and preventive measures at the non-DR or earliest DR stage is important. In our prediction model for DR using parameters that were revealed to be associated with DR, ANC was the second strongest factor after HbA1c. However, inclusion of ANC with other risk factors resulted in only a 2.4% increase of prediction strength. Our result was consistent with the study by Nguyen et al., 12 which showed that inclusion of novel inflammatory and hemostatic markers in the prediction model of DR consisting of traditional risk factors increased the predictive power by only 2.2%. We believe ANC in itself has limited value as a predictive marker for DR and that its association with DR should be viewed as part of the pathogenic mechanism and a possible therapeutic target for DR.
Our study also revealed additional important information on risk factors of diabetes. In addition to ANC, age, smoking, ESR, glucose control, and hematocrit showed associations with diabetes. History of smoking increased the incidence of diabetes by 37.3%. Interestingly, although diabetic subjects showed higher levels of ESR than nondiabetic subjects in univariate analysis (Table 2) , ESR showed an inverse association (OR ϭ 0.986), with diabetes after adjusting for HbA1c and/or blood glucose (Table 3) . Therefore, ESR, a nonspecific measure of inflammation, showed no association with diabetes, as well as its microvascular complication, DR, which suggests a low possibility that it has a role in the disease process.
The prevalence of DR (5.3%) among diabetic patients in our study is relatively lower than that of previous reports. The low prevalence of DR may be due to superior glucose control in the study population since, from the fact that they visited the hospital for health checkup, it may be inferred that these patients are very cautious of their overall health status as well as glucose level control. This notion is also supported by the measured HbA1c level of diabetic patients in our study (mean Ϯ SD ϭ 7.47 Ϯ 1.42%). The second possible cause may be found in the technique of fundus photography acquisition. We took single fundus photographs for each eye rather than seven photographs covering the full peripheral retina. As we could not see the peripheral retina, subjects having mild DR may have been allocated into the no-DR group, with downgrading of the overall DR grade. However, compared to sevenfield standard stereoscopic fundus photographs, 1-field 45°n onmydriatic retinal photography has showed perfect agreement for detecting the presence of DR and moderate agreement for DR grading. 31 Therefore, the current analysis on the presence and absence of DR based on single fundus photographs is convincing, and the association of clinical parameters including neutrophil counts and DR is unquestionable. As our study included a large number of subjects, we believe the suspected downgrading of DR did not influence the trend of association and significance of our data.
There are several limitations to our study. First, the study design was a cross-sectional one, enrolling hospital-based cohort groups, and therefore, we cannot define the causal relationship between neutrophil count and DR and its clinical implication as a marker for the progression of DR. Further longitudinal studies should be performed to identify ANC as a clinical marker for the progression of DR and as a key player in its pathogenesis. In addition, the inclusion of participants who came for a health checkup has the potential of selection bias, and this should be considered when interpreting the result. Second, we performed single-field, nonmydriatic retinal photography for assessing the presence and grading of DR. As explained above, we believe it may have had a limited influence on our result. Third, information on other traditional risk factors for DR such as duration of diabetes and diabetes medication could not be obtained and analyzed in this study. Finally, as we included only Korean subjects, there is a limitation in the generalization of our result to other ethnic groups. Despite these limitations, we believe our study is valuable in that we analyzed many clinical and laboratory parameters in a large number of subjects and showed a new clinical risk factor for DR.
In conclusion, this clinical study revealed that the elevated systemic neutrophil count is associated with the presence and severity of DR as well as diabetes. Our result indicates that patients with DR are in a subclinical inflammatory state and that neutrophil-mediated inflammation may play an important role in the pathogenesis of DR.
